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Abstract —— Nucleosphilic addition-elimination reactions of 2-
methylsulfonyl-1,3-azoles with active methylene compounds were
investigated in order lo compare the reactivity of substrates.
The order of axazole > thiazole »>> N-methylimidazole in Lhe
reaclivity was exhibiled clearly. Furthermove, in oxazole and
thiazole series, the predominant reactivity of the 2-position
over the 1- and 5-positions was indicated on the reaction with

the carbanions generated from active methylene compounds.

Synihesis of 1,3-azole derivatives containing a funclionalized carbon side-chain
by means of aromatic SNZ type substitution of monohalo-1,3-azoles with active

methylene compounds under basic conditions has not yet been well investigated, and

the following only two reactions are reperted in this category.l'2
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In arder te obtain utilizable infermation on the nucleophilic C-C bond formatioen
from the viewpnint of the synthesis of 1,3-azole derivatives, we investigated tLhe
scope and limitations of the nucleophilic substitution of haleo-1,3-azoles with
active methylene compounds, together with the reactian of related compounds, as
illustrated in Scheme 2.

In the present investigation, the relative reactivity of halo- and methylsulfonyl-
azoles towards nucleophiles was gualitatively estimated on the basis of isolated
vyields of the products and the veaction time in which complete consumption of the

substrates was detected with the aid of thin layer chromatography. Wwhen the reac-
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tion was very slow, recovery vields of the subsiraies at 24 h were also taken as

an additional index to evaluate the reaciivity.

oz, Nan

N B
g\% v % j’CHA
PN K THF, reflux

X=0 (oaxazole), S5 (thiazole), N-Me (l-melhylimidazole:
R=H, Ph; Y=CIl, Br, §0,Me
A and B = N, COyEE, COMe, Ph

Scheme 2

Firstly. in corder to estimate the difference on the reactivity of the 2-, 4-, and
b-positions of each 1,3-azoles, the reaction of phenylacetonilrile with a variety
of poesitional isomers of halo-diphenyl-1,3-azoles was examined upnder reaction
conditions menticned in Scheme 2. As listed in Table |, all the substrates,
except for 4-chloro-2,5-diphenyloxazole (4Aa), reacted with the phenylacetonitrile
to give the desired compounds in considerable vields.

Judging from the vields and the reguired reacticn time, it is clear that the rela-
tive reactivity in oxazoele and thiazole series is in the order of position 2 >
position 5 > positicn 4.

in connection with these results, it should be noted that the reaction of J4-halo-
2,5-diphenyl- and &-haio-2,4-diphenyl-l1-methylimidazoles with active meithviene
compounds was not examined, because the preparation of these compounds was nnt
established, Fuvther, in the reaction of 5S-bromo-2,d-diphenyithiazole (7Ab), a
unigque debromination happened instead of the formalion of the expected product,
and in this case 2,4-diphenylthiazole was isolated as a sole praduct. The same
result was obtained by the reaction of 7Ab with sodium methyithiolate im ethanoi.
Accardingly, a likely mechanism of debromination is given in Scheme 3 invoalving

initial attack of nucleophites to a 4d orbital of the bromine atom.

P ] N PhCH,CN, NaH, THF I’N —\Iuﬁr PhL—- E' N
I My o NaSMe, BeOH-1,0 Pgr Ph /LPh o

Br ™5

7Ab

Scheme 3
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Table 1. Reaction of Halo-1,3-azoles with PhCH,CN

i% PhGH;CN, Nafi Ph
ST ii gy

THF, reflux

1-7A 1-7Ca
Substrate Product
No., X Y Position of No. Reaction mp (*C) Yield (%)
Phenyl Groups Time (h?
laa 0 2-CI 4 and 5 1Ca 174 115-11727 71
4A8 O 4-Cl 2 and 5 24 o (sl
4Ab O 4-Br 2 and 5 4Ca 26 170-171 47
GAa O 5-Ci 2 and 4 6Ca 3 114~115 56
6Ab O b&L-Br 2 and 4 6Ca 3 114~115 69
2Aa s 2-C1 4 and 5 2Ca i/4 117-119 73
BAa 5 4-Cl 2 and b 6Ca 20 128-130 46
5ADb 5 4-Br 2 and b 5Ca 4 128-130 51
ThAa 5 b5-Cl 2 and 4 7Ca 2 120-121 58
3Aa NMe 2-C1 4 and & 3Ca 2 168-170 78

a) Lit.} mp 109°C.

L) The figure in the parenthesis shows the recovery of substrate.

Secondly, in order to compare the nucleophilicity of active methylene compounds
toward the 2-position of three kinds of 1,3-azoles, the reaction of 2-methyl-
sul fony!-4,5-diphenyl-1,3~azoles (1-4B) with such active methylene compounds as
phenylacetonitrile (Ca), malononitrile <¢Cb), ethyl cyanoacetate (C¢), diethyl
malonate (Cd), and acetylacetone (Ce) was examined in a simitlar manner as de-
s¢ribed in the preceding page.

As listed in Table 11, the results obtained by these experiments suggest that
phenylacetonitrile is most nucleophilic, whereas acetylacetone is least. The
following order in the nucleophilicity of the active methylene compounds, which is
essentially same to that observed on the reaction with six-membered N-

3

hetercaromatics,” could be concluded.
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TCH(CN)Ph >> ~CH(CN)2 > _CH(CN)COzEt > ACH(C02Et)2 >

[n addition to ihe above observation,

reactivity of the 2-position of 1,3-azvles.

pxazole > thiazole »> imidazole {(N-Me)

In these experiments, 2-methylsulfonyl derivatives were employed

corresponding 2-hato derivatives, because the reaction
thiazole (2Aa) with malononitrile resulted in

ride.

Table IT.

Methylene Compounds

TCH(COMe 1,

the compiete recovery of

the following order was recognized in the

instead of the

of 2-¢chloro-4,5-diphenyl-

the chlo-

Reaction of 2-Methylsulfonyl-4,5-diphenyl~1,3-azoles with Active

phI:u‘N CH2\%: Nak
|
Ph X/LSOZMe THE, reflux /iCH’
1-3B 1-3¢C
Nucleophile TCHICNIPh  TCH{CN), TCHICNICO.Et  TCHICD,Ft,  TCHICOMeY,
{Ca} (Ch} iCeo (Cd? (Cel
Substrate
Pl N Time (h) 1/12 174 2 5 10
| it ,
P~ 0-"S0,Me mp (°C 115-117%’ 225idec.y 167-168 Syrup 99-100
1B Yield (%> 74 71 63 52 68
Time (h) /12 z G 24 24
A
Ph™ 5-780:Me mp (°C; 117-119 253idec 210-212 124-125
2B Yield (%> 82 76 66 56 0 (630}
Ph N
| Time (h) 1/4 24 24
Pl Njksosme .
Ve mp (°C) 168170
3B Yield (%) 71 a ¢5oabi o (gD
a) Lit.? mp 109°C.

b)Y The figures in parentheses show the recoveries of substrates.

— 1118 —




HETEROCYCLES, Vol. 31, No. 6, 1990

Meanwhile, it was incomplete to prepare all Kinds of diphenyl derivatives of -
and S5-methylsulfonyl-l,3-azoles, owing to the unsuccessful reaction of the corre-
spaonding halides with sedinm methylthiniate. ©Opn the basis of the resuits in Table
I, however, it is conceivable that oxazole is [ess reactive than thiazole at the
4-position and that the reactivity of oxXazole and thiazoie is similar at the 3-
position.

Thirdly, the reaction of 4,5-upsubstituted 2-methyisulfonylthiazole with active
methylene compounds was examined. As listed in Table 111, the resuits do  not

cantradict with those obtained in the diphenvithiazole derivatives,

Table [II. Reaction of 2-Methylsulfonylthiazoles with Active Methylene Compounds

~A
F/L ‘12“‘8’ NaH ['
80 ,Ma THF reflux /LCHA“

8B 8C
Nucleophile TCH{CN)Ph  “CH(CN),  TCH(CNICO,Et  “CH(CO,EL), CH(COMe),
{Ca’ iCh; iCe) (Cd ; (Ce)
Time <h) 1/4 2 5 2 24
mp (°C3 or 220k 159-150 93-91
bp (°C)/ (mmHg) 1507327
Yield (%) 82 88 76 61 o (71!

a) Lit.? bp 154-156°C/4 mmHg.

b} No meiting point is repaorted in the Iiterature.'g

¢} The {figure in parenthesis shows the recovery of substrate.

furthermore, the reaction of the positional isomers of monohalothiazoles nut
containing any other substijtuent with phenyiacetonitrile exhibits that the
relative reactivity of 2-, 4-, and 5-positions in thiazole rings is in the order
of position 2 > position 5 > pasition 4. These findings are essentially same o
those observed on halo-diphenyl derivatives of oxazole and thiazole,

Accordingly, it is clear that two phenyl groups attached to 1,3-azoles do not

exert any particular substituent effect to arcemaiic Sy2 type reactions.
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Table [V. Reaction of Haiothiazoles with PhCH, CN

. , — N
ET_S'Y PhCH:CN, Nall H\ E}CHCN
‘S}T THF, reflux 5~ bh

8-10A 8-10Ca
Subgtrate Product Caorresponding
Diphenyl Derivative
No. Y No. Reaction mp (°CYy or Yield ¢%)|No. Reaction ¥Yield (%
Time (h) bp {(°C)7{mmHg’ Time (h»
8Aa 2-Cl  8Ca 1 150/ 3%° 70 2ha 1/4 73
8Ab 2-Br  8Ca 1 1504387 73
9aa 1-C1 9Ca KD 78-80 11 SAa 20 16
9Ab 41-Br 9Ca 6 78-80 51 5ADb El al
10Ab 5-Br 10Ca 1 86-87 68 7Ab 2 58

a) Lit.? bp 154-136°C/1 mmHg.

Finally, in order to canfirm the general aspects aof the reactivity indicated in
monoeyclic 1,3-azoles in other ring systems, the reaction of the corvesponding
1,3,4-diazole and 1,3-benzazole derivatives with active methylene compounds was
investigated. The substrates employed in this subject were 2-methylsulfonyl-5-
phenyl-1,3,4i-oxadiazole (11B), 2-methylsulfonyl-5-phenyi-1,3,4-thiadliazole (128>,
d-methyl-3-methylsulfonyl-5-phenvl-4H-1,2,4-triazole (13By, and three kinds of 2-

chloro-1,3-benzazoies (14-16Aa). Based on the results summarized in Tables ¥V and

VI, the foliowing order of the reactivity can be demonstrated.

oxadiazole » thiadiazole >> triazole (at the 2-position?

benzoxazole = benzothiazole >>» benzimidazole <(at the 2-position?

Throughout the present investigation, it i1s concluded that phenylacetopitrile is
the most effective nucleophile, and that the reactivity of 1,3-azoles and related
compounds at the 2-position is closely associated to the e¢lectronegativily of

heteroatoms (-X-) in these rings.
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Table V. Reaction of 2-Methylsulfonyl-1,3,4-diazoles and 3-Methylsulfonyl-4H-
1,2,4-triazale with Active Methylene Compouﬁds

Nucleophile TCH(CN)Ph  "CH(CN),  “CH(CN)CO,Et ~CH(CO,Et)s; ~CH(COMe),
(Ca) (Cb) (Cey (Cd) (Ce)
Substrate
h ji Time (h) 1712 1/4 1 4 8
BES0-750:Me np o 95~96 220(dec.) 220-221 67-68 86-88
118 Yield (%) 78 87 84 71 68
EE‘]T Time (h) 1/12 1/4 2 10 24
PHNSUS0.Me mp (*C)  121-122 237 (dec.) 218-220 143-1452)
12B Yield (%) B1 82 76 80 0 (a1’
o Time (h / 24 2
ﬂ‘ JL ime ) 1/4 4
Fh Ee 50:Me iy oy 129-130
138 Yield (x) 83 o (8e)®? o (76)D?

a) Lit.® mp 145-146°C.
b) The figures in the parentheses show the recoveries of substrates.

Table V1. Reaction of 2-Chloro-1,3-benzazoles with Active Methylene Compounds

Nucleophile TCH{CNYPh ~CH(CN),  “CH{CNICOLEt TCH(COyEt), ~CH(COMes,
(Ca) (Chb) {Ce) (cd) (Ced

Substrate

[:::Ij‘jl Time (h) 1/4 1 6 20 24
0-7ClL mp (°C) 111-112 270(dec.)? 218-219 SYrup
14Aa Yield (%) 70 72 60 39 ¢ (81)?®
[:::I:"F Time (h) 1/4 4 8 20 24
s4hcl mp {°C) 114-116%7 303cdec.1®) 241-242%) 146-142%)
16Aa Yield (%) 73 76 58 42 0 (72)8)

mp (°Cy  148-149
16Aa Yield (%) 83 0 (64727 0 (6933’

N
[:::I:_)i Time (h) 1/4 24 24
N-CL
Me

a) The figures in the parentheses show the recoveries of substrates.
by Lit.2 mp 110°C. c¢) Lit.® mp 285°C. d) Lit.® mp 243°C. > Lit.Z mp 148°C,
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EXPERIMENTAL

All melting points were determined by capillary method and are uncorrected.
Proten magnetic resonance (lH-nmr) spectra were recorded at either 60 MHz on a
JECL JNM-PMX 60 spectrometer or at 100 MHz on a JEOL FX-100 spectrometer. Chemi-
cal shifts are quoted in & value (ppm) with tetramethylsilane (TMS) aor 2,2-di-
methyl-2-silapentanesulfonic acid sodium salt (DSS) as an internal standard, and
coupling constants (J) are given in hertz (Hz). The following abbreviations are
used: s=singlet, d=doublet, t=triplet, g=quartet, m=multiplet, and br=broad.
Infrared (ir) spectra were produced on & JASCO IH 810 spectrometer. Column
chromatography was carried out on silica gel (NAKARAT CHEMICALS, Ltd. silica gel

60; KATAYAMA CHEMICALS, Ltd. silica gel 60».

4-Chloro-2,5-diphenylthiazole (5Aa) — A mixture of 2,5-diphenylthiazole
(1.2 g, 5.0 mmol), N-chlorosuccinimide (NCS} (0.84 g, 6.3 mmol), and bhenzoyl
peroxide (0.12 g, 0.5 mmol) in CCl, <15 ml) was refluxed for 45 h. After cooling,
the mixture was filtered, and the filtrate was concentrated to dryness under re-
duced pressure. The residual solid was recrystallized from hexXane to give color-
less needles (1.0 g, 74%>. mp 58-60°C . ! HeNmr {CDCl,-TMS3: 8.0-7.9 (m), 7.9-

7.6 {m), 7.6-7.3 (m); the integrated ratio is 1:1:3.

4-Bromo-2,5-diphenylthiazole (5Ab) A mixture of 2,5-diphenylthiazole (1.2 g,
5.0 mmol) and N-bromosuccinimide (1.1 g, 6.2 mmol} in CCly (15 ml) containing 48%
HBr (a few drops) was refluxed for 30 h. After cooling, the mixture was filtered,
and the filtrate was washed with sat. NaCl solution, dried over K,C04, and evapo-
rated. The residue was recrystailized £from hexane to give colorless needles

(1.4 g, 89%). mp 60-62°C . ly-Nmr (CDC15-TMS3: 8.1-7.9 (m), 7.9-7.6 (m), 7.6-7.4

(m); the integrated ratio is 1:1:3.

5-Chloro-2,4-diphenyloxazole (6Aa) 2,4-Diphenyloxazole (1.1 g, 5.0 mmol) was
treated with NCS (0.84 g, 6.3 mmol) as described for the preparation of 5Aa:
reaction time was 5 h. Recrystallization from hexane gave colortess needles

(0.93 g, 73%). mp 87-88°C. ly-nmr (CDCl5-TMSy: 8.2-7.9 (m), 7.7-7.4 (m); the

integrated ratio is 2:3.
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5=Chloro-2,4-diphenylithiazole {7Aa}

2,4-Diphenylthiazole (1.2 g, § mmol?
was treated with NCS (0.84 g, 6.3 mmol) as described for the preparation of G5Aa;
reaction time was 5 h. Recrystallization from hexane gave colorless needles
(1.0 g, 74%). mp 64-65°C. 1H-Nmr {CDC13-TM5): 8.2-7.9 (mi, 7.7-T.4% {m¥; the

integrated ratio is 2:3.

1-Methyl-2-methylsulfonyl-4,5-diphenylimidazole (3B) To a solution of 1-
methyi-2-methyltihio-4,5-diphenylimidazeie (5.6 g, 20 mmol) in AcOH <{2¢ ml) and
acetone (200 ml), KMnO4 (6.4 g, 40 mmol} was added , and the mixture was stirred
for 4 h at raom temperature. Aquecus NaHSO; solution was added io the mixture,
then the whole was poured intao HQO 2,5 1y, The separated solid was cotlected by
suction, washed well with Hy0, and dissolved in CHClg. The CHCig solution wvas
dried over Nagso4 and evaporated. The residue was recrystallized from AcOEt to

give ¢colorless prisms (5.8 g, 93%). mp 204-2006°C. 1H-Nmr (CDC13-TMS): 7.7-7.1

(m, 10H), 3.79 (s, 3H¥, 3.50 (s, 3H).

General Procedure for the Reaction of 1,3-Azoles with Active Methylene Compounds

A B60% oil dispersion of NaH (0.16 g, 4 mmnl} was washed with heXane and
suspended in dry THF (15 ml). An active methylene compound (4 mmol) was added to
the THF suspension, and the mixture was stirred at room temperature (in the case
of phenylacetonitrile; refluxed) for 13 min. Then a 1,3-aznle derivative (2 mmel)
in dry THF (5 ml) was added, and the mixture was refluxed unti! the subsirate was
disappeared {(monitored by tlci:. After removal of the THF under reduced pressure,
the residue was diluted with H,0, and the agueous solution was neutrallzZed with
dil. HCl and extracted with CHCl5 (in the case of malononitrile, separated crys-
tals were collected by suction, washed with H,0, and dried in air?. The CHClq4
sclution was washed with H,0, dried over Mg50,, and evaporated. Recrystallization

from an appropriate solvent gave the product.

Reaction of 7Ab with Sodium Methylthiolate A sgolution of TAb (0.63 g,
2 mmol) armd 15% NaSMe (2 ml, 4 mmol} in EtOH (15 ml, was refluxed for 1L h, After
remaoval of the splvent, the residue was subjected tuv silica gel column chromatng-
raphy. Elution with hexane-AcOEt (9:1% gave 4,5-diphenylthiazole which was re-

crystallized from EtOH, Yield (C.42 g, B88%:. mp 82-93°C. 1H—Nmr (CDCl4-TM5) :

§.1-7.9 (m, 4H:;, 7.5-7.3 (m, 7H?,
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Table VI]. Spectral Data for the Products of the Reacticn ef 1,3-Azole

Derivatives with Active Methylene Compounds

No. Ir (CHClg) TH-Nmr (cDCl4)
em™1 4 (ppm)
1Ca 2250 7.8-7.3(m, LEH)Y ,5.49¢(s, 11>
1Cb  3230,2230,22008  7.82(br s),7.39¢br s)2s¢?
1Ce  3330,2210,1670 14.4-14.1¢5r,1H),7.7-7.3(m, 10H) , 4. 28(q,J=7, 24,
1.37¢t,4=7,3H)
1¢d 1740 7.9-7.3(m,10H),5.10(s,1H),4.36(q,d=7,4H),1.35¢t,J=7,6H)
1Ce 3580 17.36(s,1H),7.9-7.3(m, 10H;,2,31 (s, 6H}
2Ca 2250 7.7-7.3(m,16H),5.59(s, 1)
2Ch  3100,2210,21992)  14.0-13.2¢br,1H),7.6-7.0(m, 10H®)
2Cc  3330,2200,1650%7 12.3~12.0(br,1H),7.6-7.2(m,10H>,4.32(g,J=7,2H),
1.30¢t,J=7,2m %’
2cd 1620 12.3-11.7¢br,1H),7.5-7.4(m, 10H},4.37¢q, I=7,2H),
4.320q,J=7,2H),1.39(t,J=7,6H)
3Ca 2250 7.7-7.1(m,15H),5.78(s,1H),3.26(s,3H)
4ca 2250 8.3-8.1(m,2H),7.8~7.3(m, 13H}:,5.52 (s, 1H)
5Ca 2250 8.1-7.9(m,2H},7.6-7.2(m,13H),5.35(s,1H}
6Ca 2250 8.3-8.0(m,2H),7.8-7.3(m,13H),5.644(s, 1H)
7Ca 2250 8.1~7.8(m.2H),7.8-7.3(m, 13H),5.60¢s, 1H)
8Ca 2260 7.78¢d,J=3,1H),7.7-7.4(m, 513, 7.32(d,J=3,1H),5.57(s, 1H)
8Cb 2220,21808° 15.0-13.8¢br,1H),7.38¢d,d=4,1H),7.22¢d, J=4, LiD P’
8Ce 2200, 1640 13.1-12.7(br,1HY,7.41¢d,d=4,1H>,7.14(d,Jd=4,1H},
4.19(q,J=7.2H),1.27(t, =7, 3H)
8cd 1640 13.6-13.3¢br,1H),7.22¢dd,J=4,4=2,1H),6.73(dd,J=5,1=2,1H),
4.29(q,J=7,6H),1.38¢t,J=7,4H)
9Ca 2250 8.68¢d,I=1,1H),7.8-7.3(m, 5H),7.34¢d,J=1,1H),5.38¢s,1H)
10Ca 2250 8.64(8,1H>,7.8-7.4(s,1H),5.61¢s,1H)
11Ca 2260 8.2-7.9(m.2H),7.7-7.4(m, 8H?,5.67 (s, 1H)
11Cs  3100,2240,22103%  7.9-7 ,7(m,2H),7.6-7.4(m, 3HHD?
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Table VII. continued
No Ir (CHCIy) TH-nmr (CDC14)
em™ ! & {(ppm}
11Cc 2210.16803} 12.7-11.5¢(br,1H),8.2-7.5{(m,5H),4.32(q,J=T7,2H},

1.26¢t,d=7,3H:P)

11Cd 1760,1740 8.3-7.9(m,2H>,7.7-7.44m,3H),5.21(s,1H),4.35(q,J=7, 4H),
1.33(t,4=7,6H

1iCe 3580 17.6-17.4(br,1H},8.3-8.0(m,2H},7.7-7.5(m,3H},2.,29¢(s,6H)

12Ca 2260 8.1-7.8(m,2H),7.7-7.3(m, 8H),5.80(s,1H)

12Ch  3150,2220,220027  7.9-7.7(m,2H),7.6-7.4(m,3H )

12Ce 2220,1660 7.9-7.7(m,2H),7.6-7.4(m,3H),4.214q,d=7,2H),
1.224t,4=7,3M70

12¢d 1640 13.7-12.5(br,1H),8.0-7.7(m, 2H},7.6-7.44(m, 3H),
4.320q,J=7,4H),1.340t,J=7,6H)

13Ca 2260 7.7-7.4(m,10H),5.89(s,1H),3.49(s,3H)

14Ca 29260 7.9-7.3(m,9H),5.51(s,1H)

14Cb  3100,2230,2210%% 7.7-7.5(m,1H),7.4-7.1¢m,3H> b’

14Ce 2220, 1680 11.3-11.0¢br,1H),7.7-7.3¢m, 4H),4.31¢q,d=7,2H)

14cd 1740 8.8-7.20(m,4H},5.13¢s5,1H},4.33¢q,J=7,4H),1.32(¢,1=7,6H)

15Ca 2260 8.0-7.7(m,1H),7.7-7.1(m, 8H),6.64(s, tH

15Ch  3170,2220,2180%" 8.0-7.8(m,1H),7.6-7.2(m, 31D

16Ce 2210,1660 13.4-13.0¢br,1H) ,8.1-7.8(m,4H},7.7-7.34(m, 3H),
4.26(q,J=7,2H),1.31¢t,d=7,3H)

15Cd 1690,1650 13.5-13.2¢br,1H),7.8-7.5(m,1H),7.5-7.1(m, 34,
4.35(q,4=7,4H),1.42¢t,J=7,6H

16Ca 2260 8.0-7.7¢(m,1H},7.5-7.3(m,8H),5.76(s,1H),3.62(s,3H)

a) KBr. b DMSO-QG. c} The integrated ratic is 1:1.
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Table VIII. Analytical Data for Alil New Compounds
No. Formuia Analysis (%)
Calcd Found
N 5 o 5
GAa CygHygNCLS 66.29 3.71 5.15 11.80 65.99 .84 5.08 11.96
5Ab CIEH]ONBrS 56.97 3.19 4.43 10,14 56.86 .12 4.41 19.23
GAa CygHypNOCL 70.46 3.94 5.48 70.25 .71 5.71
7Aa CigHyiphCLS 66.29 3.71 5.15 11.8¢ 66.54 .78 5.07 11.69
3B C17H16N2025 65.36 5.16 8.97 10.26 65.15 .19 9,07 10.57
iCb CygHyiNg0 75.78 3.89 14.73 75.56 4.11 14.60
1Cc CagHygNs0g 72.28 4.86 §.43 71.96 .05 8.19
1Cd CypHg | NOg 69.65 5.58 3.69 69.21 .51 3.48
1Ce C20H17N03 75.22 5.37 1.39 75.23 .48 4.23
2Ca CpgHygN,S 78.38 4.58 7.95 9.10 78.55 .68 7.92 9.26
2Cb CIBHllNBS 71.74 3.68 13.94 10.64 71.62 .88 13.85 10.60
2Ce CopHyigNo0s5 68.94 4.63 8.04 9.20 68.64 V67 7.76 3.21
2Cd 022H21N04S 66.82 5.35 3.54 8.11 67.04 .41 3.49 8.19
3Ca C24H19N3 82.49 5.48 12.03 82.84 .79 12,14
4Ca Caqll1gNy0 82.12 4.79 8.33 B2.37 .96 8.12
5Ca CogHigN, 8 78.38 .58 7.95 9.10 78.40 .62 7.81 9.33
6Ca CagHyghs0 82.12 4.79 8.33 82.37 .03 8.48
7Ca CogHigN, 8 78.38 4.58 7.95 9.10 78.35 .54 7.89 9.17
8Chb CgHgN, S 48.31 2.03 28.17 21.49 48.31 .16 28.00 21.63
8Cc C8H8N2025 48.97 4.11 14.27 16.34 18.75 .87 14,03 16.33
8Cd C10H13N04S 49.37 5.39 5.76 13.18 49.56 .30 5.71 13.35
9Ca Cy HgNys 65.97 4.03 13.99 16.01 66.11 .11 13.84 15.82
10Ca CIIHBNZS 65.97 4.03 12.99% 16.01 65.84 .16 13.81 15.79
11Ca CygHNg0 73.55 4.24 16.08 73.60 .28 15.95
11Cb CyHgN40 68.03 3.11 28.85 67.78 .35 28.59
11Cc CygHyN305 60.70 3.92 16.33 60.81 .00 16.20
11Ca Cy5H1N20g 59.21 5.30 9.21 59.15 .33 8.95
1iCe CygH1aN, 04 63.93 4.95 11.47 63.9¢ .92 11.31
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Table VIII., continued
NO Formula Analysis (%)
Calcd Found
C H N S C H N 5
12Ca € gHy | N3S 6§.29 4,00 15.15 11.56  69.0% 4.04 15.23 11.63
12Cb C11H6N4S 58.39 .67 24.76 14.17 538.49 2,85 24.61 13.84

12Cc CygHy Ng0,5 57.13 4,06 15.37 10.04 57.36 3.85 15.21  9.81

13Ca  Cj.H 4N, 74.43 5.14  20.42 74.42 5,22 20.42
14Ca  CygHyoNeCG  76.91 4.30 11.96 76.65 4.51 11.76
14Cb  CygHgN30 65.57 2.75 22.94 65.37 2.66 22.81
14Cc  CyaHyoNyO4  62.61 4.38 12.17 62.43 4.47 11.96
14Cd €y 4H,5NOg 60.64 5.45  5.05 60.91 5.57  1.88
15Ca  CygH, N3 77.71 5.30 16.99 77.92 5.56 16.81
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